A recent work [1] associated all four PeV neutrinos observed by IceCube to gamma-ray burst (GRB), and discovered a regularity which indicates a Lorentz violation scale ELV = (6.5 ± 0.4) × 10 17 GeV. We show that this result can put stringent constraints on Lorentz violating CPT-odd parameters in the standard-model extension (SME), improving the current existing limits by at least five orders. Consider the Cherenkov-like electron-positron emission threshold effect, another six orders of improvements on the constraints of the parameters are achieved.
GeV, which is the same as that determined from IceCube events with energies ranging from 60 TeV to 500 TeV [5, 6] . More interestingly, both "time delay" and "time advanced" events fit the regularity well, indicating that either neutrinos or anti-neutrinos are superluminal, while the other ones are subluminal [1] . In this work we discuss the implications of the findings in [1] from a theoretical perspective.
We work in the standard-model extension (SME) framework [7, 8] , which is an effective field theory including all operators of Lorentz violation and can be applied to study neutrino oscillation [9, 10, 11] and superluminal neutrino [12, 13] with parameters to be constrained by experimental measurements. All the operators in the neutrino sector are classified and enumerated in Ref. [14] . The Lagrange density in the neutrino sector is [14] 
where neutrinos and their charge conjugates are grouped in the multiplet Ψ = (ν e , ν µ , ν τ , ν
M AB is an arbitrary mass matrix, andQ AB is the Lorentz-violating operator. This operator can be decomposed in the basis of 16 Dirac matrices likê
where each component is a 6 × 6 matrix that can be decomposed into 3 × 3 Dirac and Majorana blocks. An effective Hamitonian can be constructed from the Lagrange density in Eq.( 1). For the discussion of the GRB neutrinos, it is safe to work in an oscillation-free model, in which the dispersion relation for a high-energy neutrino is [14] 
where d is the mass dimension of the underlying operator in the action, j, m are angular-momentum indices with 0
of ) jm and (c of ) jm are coefficients for the CPT-even operators. In this expression we use also the relativistic limit to omit the mass term.
It is natural to get the group velocity
Since the distribution of IceCube neutrino events are isotropic, we further simplify the expressions by assuming the rotation symmetry in the frame of the cosmic microwave background (CMB). Remember that the Earth-based frame has a boost velocity β ≃ 10 −3 compared to the CMB frame, an exact treatment should account for this factor cautiously. Here we take the isotropic limit as an illustration, the velocities are
where the isotropic coefficientså
, using a general Lorentz-violation modified dispersion relation, the authors get the modified propagation velocity for neutrinos as
where n = 1, 2 corresponds to linear or quadratic dependence of the energy, s n = ±1 is a sign factor of Lorentz violation correlation, E LV,n is the nth-order Lorentz violation scale. By taking into consideration only the linear energy dependence, the regularity observed by the authors indicates
Comparing Eq.(6), Eq. (7) with Eq. (8), we arrive at the following two cases:
There is no constraints on the CPT-even coefficientsc (d) because only the linear energy dependence is considered. Since it is not clear whether neutrinos or anti-neutrinos are superluminal, we consider both possibilities. Assuming there are no cancellations among the summed terms, we translate the above relation to constraints on each coefficient as shown in Table 1 . There is no constraint putting onå (3) as this term has no momentum dependence and only contribute as a constant energy shift, thus cannot be constrained by the velocity. Note that we explicitly write the results in two cases as they cannot be simultaneously true, which also means, what we list here are not two-sided constraints (the comparison with 0 does not count as it comes from the superluminal itself).
Superluminal neutrinos would lose energy through processes like, Cherenkov radiation (ν → νγ), neutrino splitting (ν → ννν), electron-positron pair emission(ν → νe + e − ) [15] . Among these processes, the last one dominates the neutrino energy loss. High energy neutrinos will lose energy until they are at or near the threshold energy. The same argument applies to anti-neutrinos for the CPconjugated processes as understood. The threshold energy is estimated to be [16] Table 2 : Estimated bounds on the isotropic coefficientså (d) using the GRB neutrinos with threshold constraint from Cherenkove-like electron-positron emission. Units are GeV 
Squaring both sides and drop the quadratic term in the Lorentz-violating part δE(p) = E(p) − |p|, we arrive at
Assume only the CPT-odd terms, the observed neutrinos are near or below the threshold energy means
The result is shown in Table 2 . We see that there are six orders of improvements for each coefficient compared with Table 1 . We could also include the CPT-even terms, but it would be exactly the same as has been discussed in Ref. [16] . Interested reader should find results therein.
To sum up, given the positive indication of Lorentz violation when associating the IceCube PeV neutrinos with GRBs, we derive the constraints on the Lorentz violating parameters in the SME framework. We use first a kinematic constraint, confining to the CPT-odd terms in corresponds with the linear energy dependence. We find constraints for the isotropic oscillation-free parameterså (d) , which are at least five orders improved compared to the ones in the Data Tables in Ref. [17] . We then use the threshold effect in the Cherenkov-like emission as constraints, and get a further six orders improvements. The validity of our first result presented here depends on the validity of the work in Ref. [1] , which can be checked by more IceCube events in the future. An energy spectrum analysis in comparison with GRB models is also expected to verify the GRBs as the high energy neutrino sources. We emphasize that since the new findings in Ref. [1] can be described in the SME framework with both Lorentz invariance and CPT symmetry violation, rich phenomenology especially other characteristic effects [18] predicted by the framework should be explored in this situation.
